Purpose: To present the finding of tiny silicone oil droplets in 15 eyes of 15 patients after intravitreal injections of an anti-vascular endothelial growth factor agent or triamcinolone acetonide and to discuss the likely source of silicone oil.
T he use of intravitreal injections for the treatment of retinal disorders has become a much more common procedure, in light of the development of drugs specifically designed to block vascular endothelial growth factor and the efficacy of intravitreal steroids. Intravitreal drugs that are US Food & Drug Administration-approved for the treatment of choroidal neovascularization associated with age-related macular degeneration include pegaptanib (Macugen; OSI/Eyetech, New York, NY) 1 and ranibizumab (Lucentis; Genentech, Inc., South San Francisco, CA). 2, 3 In addition, intravitreal bevacizumab (Avastin; Genentech, Inc.) is used off label for the treatment of choroidal neovascularization, diabetic retinopathy, retinal venous occlusive disease, and other vascular endothelial growth factor-mediated diseases. 4 Intravitreal triamcinolone has been shown to be effective in the treatment of macular edema. [5] [6] [7] [8] Known complications of intravitreal injections include sterile and infectious endophthalmitis, retinal detachment, intraocular inflammation, vitreous hemorrhage, retinal tears, and damage to the crystalline lens. Most of these complications are procedure related. However, the cumulative damage from repeated injections has not been addressed. We present a series of 15 eyes of 15 patients with intravitreal silicone droplets as a consequence of intravitreal injections with an anti-vascular endothelial growth factor agent or triamcinolone and discuss the likely source of silicone oil.
Methods
After receiving approval from the Mayo Clinic Institutional Review Board (Rochester, MN), a retrospective review of charts of patients who had received intravitreal injections of pegaptanib, bevacizumab, triamcinolone, or ranibizumab by one surgeon (S.J.B.) between July 2005 and November 2007 was performed. The charts were reviewed for the presence of intravitreal silicone oil droplets. The number and type of injections before the appearance of silicone oil droplets were documented. In addition, symptoms and evidence of ocular inflammation were noted. Visual acuity was also documented before and after silicone oil droplets were noted during examination; length of follow-up and final visual acuity were measured as well.
Results
A total of 1,529 intravitreal injections between July 2005 and November 2007 were reviewed. Fifteen eyes of 15 patients had documented intravitreal silicone oil droplets noted during examination. All 15 eyes had tiny silicone oil droplets in the vitreous that were visible by slit-lamp or funduscopic examination (Figs.  1-3 ). At examination in various head positions, the silicone oil droplets were found to float superiorly. All patients were asymptomatic. There was no ocular inflammation, as evidenced by anterior chamber or vitreous cell throughout the follow-up period. The number of injections before silicone oil droplets were noted varied from 1 to 16 (Table 1) of pegaptanib, bevacizumab, triamcinolone, or ranibizumab. Patients were being treated for choroidal neovascularization and cystoid macular edema due to branch or central retinal vein occlusions. As expected from the course of disease treatment, visual acuity fluctuated throughout treatment, depending on the activity of choroidal neovascularization or macular edema. Visual acuity was not affected by the presence of silicone oil droplets but was consistent with the course of the disease ( Table 1 ). The presence of silicone oil was confirmed with ultrasonography ( Fig. 4 [Patient 1] ). The high echogenicity matched that of silicone oil. No intervention was necessary in our group of patients, and the patients were observed without complications for the follow-up period (range, 0 -13.9 months; median, 7.0 months).
Discussion
Intravitreal silicone oil droplets may occur after intravitreal injection. In our case series, there was no association with a specific agent. As shown in Table 1 , 10 of 15 patients had received bevacizumab injections before silicone oil droplets were noted during examination. The other five patients had received injections with pegaptanib, ranibizumab, or a combination. Because none of the patients had received triamcinolone alone, we cannot implicate this drug to be associated with this finding. The agents used did not have silicone oil in their drug vehicle. There were no adverse effects on vision, and there was no ocular inflammation during the follow-up period. Intravitreal silicone oil is used commonly in retinal detachment surgery, and its ocular adverse effects include migration of silicone oil into the anterior chamber, emulsification of silicone oil, and keratopathy. Other known side effects are more applicable in the presence of a nearcomplete silicone oil fill in the vitreous and include pupillary block, angle closure without pupillary block, and idiopathic open-angle glaucoma even with the absence of silicone oil in the anterior chamber. 9 None of these side effects were seen in our series. Freund et al 10 described a series of three eyes of three patients where silicone oil was noted after intravitreal injections. Ultrasonography showed a highly echogenic pattern, characteristic of silicone oil. These investigators questioned whether this is due to the silicone oil lubricant on the syringes or needles used for intravitreal injections. Pegaptanib is packaged in a sterile, 1-mL, USP type 1, graduated, prefilled glass syringe fitted with a sterile 27-gauge needle. All needles used in our series were of varying gauges, manufactured by Becton Dickinson and Company (Franklin Lakes, NJ). Triamcinolone is drawn up with a 20-gauge needle and injected with a 27-gauge needle. Ranibizumab is drawn up with a 19-gauge filter needle (5-m filter) and injected intravitreally using a 30-gauge 0.5-in needle (PrecisionGlide, Becton Dickinson and Company, Franklin Lakes, NJ). Bevacizumab is fractionated by our hospital pharmacy from a large vial into 0.15-mL doses supplied in a tuberculin syringe (Becton Dickinson and Company). Either a 30-gauge 0.5-in needle is placed on this or it is transferred into a 31-gauge needle attached to a syringe (Ultrafine II, Becton Dickinson and Company, Franklin Lakes, NJ). During the manufacturing process, these needles were extruded with silicone oil as well as lubricated. The tuberculin syringes were also lubricated with silicone oil. The lubricant used was most likely 365 Dow Corning surfactant according to a discussion with representatives from Becton Dickinson and Company. Material supplied by the Dow Corning Corporation states that the components of the surfactant and preservative package used in the emulsion are present at levels of fractions of a percent in the final product. They estimated that the product had 2% to 3% of silicone oil before application of the lubricant in the syringe. They report no adverse effects due to the extremely low levels of silicone oil. They further highlight that these additives are used in other industries that have human contact including food applications. They, however, recommend that users determine if these additives create a problem in their specific application. 11 There have been many previous reports, especially in the diabetes literature, regarding the contamination of skin and insulin with silicone oil found on needles and syringes. 12 A granulomatous reaction was found in one series of three cases. 13 Miller et al 14 reported on the amount of silicone oil extruded from syringes after flushing with distilled water. They found that more silicone oil was flushed from 10-mL syringes when exhibiting accumulation of lubricant on the tips of plungers (10.7-11.3 mg) than when none was seen (0 mg). Most notably, the plunger tip was thought to have 24% of the silicone lubricant. This report also confirmed that washing the same syringe multiple times continued to provide an equal amount of silicone oil in each washing. Speculating that pumping the syringe back and forth caused more silicone oil to be added into the washings, Chantelau et al 15 used syringes to draw insulin into a syringe and then pushed the plunger in to expel air droplets three times. They noted that 0.15 mg to 0.25 mg of silicone oil had been expelled from each syringe. Another report by Baldwin 16 speculated on how silicone oil became incorporated in insulin during vigorous pumping back and forth on the syringe. In the diabetes literature, there are also multiple instances when insulin contaminated with silicone oil was found to have less efficacy. 16, 17 Typically, to draw up a medication (e.g., ranibizumab or triamcinolone), a larger-bore needle is placed on the syringe, and the plunger is pulled back to withdraw more medication than is needed. Then the smaller-bore (e.g., 30-gauge) needle used for the intravitreal injection is placed on the syringe, and the plunger is pushed up to the amount needed, which also eliminates air droplets drawn up from the vial. If residual air droplets are seen, the syringe is tapped to force the droplets up toward the hub of the syringe. Compounded agents may have been subjected to being placed in more syringes, needles, and tubing, with more friction occurring between the agent and the syringe and needle.
On the basis of compelling evidence in the diabetes literature, the presence of silicone oil as a lubricant in our needle and syringes is most likely the source seen in our patients. Although the presence of silicone oil has not caused any adverse effects, there is a need to review the methods of injections and utilization of syringes to decrease the amount of silicone oil that is inadvertently injected. It has been previously reported that silicone oil when left in the eye for long periods (Ͼ12-18 months) can be engulfed by the trabecular meshwork and Müller cells of the retina. 18 Suggestions for reducing silicone oil contamination include pulling back the plunger as minimally as necessary to withdraw the drug to reduce the risk of unnecessary contamination by additional material. In addition, reducing the amount of manipulation and tubing that the drug is subjected to during repackaging or compounding may be important. It is also important to perform drug stability testing in new packaging, especially for prefilled syringes. The medication may interact with the silicone oil layer, and this may affect drug degradation. As previously discussed, silicone oil may detach from the syringe or plunger and form droplets in the medication. The use of syringes and needles with non-silicone-based lubricants is another option worth considering to eradicate this possible adverse effect.
Because this is a retrospective review of charts of patients seen in a busy clinic, it is possible that more patients had silicone oil droplets, which are difficult to see, than reported. The silicone oil droplets had been seen and noted incidentally when the patients were examined with a 90-diopter or 78-diopter lens on a slit-lamp biomicroscope. The droplets were not specifically looked for. Therefore, we cannot adequately address the true prevalence of silicone oil droplets after intravitreal injections. These tiny droplets are difficult to see, and the amount of silicone oil is difficult to quantify; some droplets may be hidden from view anterior to the ora serrata. It is difficult to assess, on the basis of this case series, whether certain types of syringes are more likely to produce this adverse effect. Although we do have ultrasonographic evidence that this finding is consistent with silicone oil, we do not have any pathologic evidence, because no vitreous biopsies were done in any of our cases. However, we believe that this not necessary because there has been no affect on visual function to substantiate the risk of biopsy for these patients.
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